A brief history of sulfur mustard {#sec1}
=================================

Sulfur mustard (SM) or bis (chloroethyl) sulfide with a molecular formula of C~4~H~8~Cl~2~S is a toxic chemical agent that belongs to a class of vesicant compounds \[[@cit0001], [@cit0002]\]. César-Mansuète Despretz and Alfred Riche reported SM synthesis from the ethylene and sulfur dioxide reaction in 1822 and 1854 \[[@cit0003]\]. This gas was first used during World War I, and restricted amounts were used in other cases, but in 1980s it was used by the Iraqi army against Iranian forces \[[@cit0004]\]. Sulfur mustard is severely irritating to the skin, eyes and lungs \[[@cit0005]\] and makes these tissues susceptible to attack and damage and causes dangerous side effects in both acute and chronic phases \[[@cit0006]\]. Despite significant studies, unfortunately no specific antidote has been introduced for SM damage \[[@cit0007]\]. The highest side effects seen in patients affected by this gas are pulmonary complications including different types of lung diseases such as bronchiolitis \[[@cit0008], [@cit0009]\]. It has also led to a certain type of chronic obstructive pulmonary disease called mustard lung (ML) that is not only associated with local, but also brings systemic complications \[[@cit0010]\]. Obviously the extra-pulmonary effects in these patients lead to other diseases as well. Perhaps chronic obstructive pulmonary disease (COPD) patients are the closest patients to those who suffer from ML, which of course have different etiologies \[[@cit0011], [@cit0012]\]. But similar extra-pulmonary, molecular and hormonal effects can be observed in these patients \[[@cit0013], [@cit0014]\]. Meanwhile the cardiovascular complications may be one of the most dangerous visible effects.

Atherosclerosis in patients with pulmonary complications exposed to sulfur mustard {#sec2}
==================================================================================

In the Iranian population, cardiovascular and coronary artery disease is one of the major reasons of morbidity and mortality. It is now the first cause of death in people aged about 40. The cardiovascular disease mortality rate has been reported to be about 28% to 48%, and the prevalence of ischemic heart has been reported to be rising \[[@cit0015], [@cit0016]\]. Atherosclerosis is one of inflammatory diseases. Atherosclerosis increases due to a lot of causes such as hyperlipidemia, hypertension, diabetes mellitus, metabolic syndrome, smoking, obesity, sedentary lifestyle, and excessive alcohol consumption \[[@cit0017], [@cit0018]\].

Scientists have considered an atherosclerotic plaque gap as the clot formation initiator. Later, researchers found that the removal of the endothelial layer on the atherosclerotic plaque can activate this process \[[@cit0019], [@cit0020]\]. Now it has become clear that clot formation on the ruptured atherosclerotic plaque or a plaque the endothelium layer of which is removed is the cause of acute myocardial infarction, unstable angina and sudden death in many cases that are known as acute coronary syndromes \[[@cit0021], [@cit0022]\].

In addition to all the listed items for atherosclerosis, this complication occurs in chemical lung patients and along with other SM complications, and is considered as one of the riskiest complications. In fact, SM as a toxic factor after inhaling and in its chronic phase leads to atherosclerosis and cardiovascular and coronary artery disease \[[@cit0023]--[@cit0025]\].

The review of the conducted studies shows a significant incidence of cardiovascular and coronary artery disease in these patients. For example, in the study conducted by Shabestari *et al.* \[[@cit0024]\] , it is mentioned that among the 40 poisoned patients studied, 15 (37.5%) had coronary artery ectasia, mainly in the left anterior descending artery, but 25 (62.5%) did not. These values were 2 (5%) and 38 (95%), respectively, in the non-exposed group, which was significantly different compared to the exposed group (*p* = 0.001). This study has also shown that in general the prevalence of CAE in mustard-poisoned patients was revealed to be 7.5 times higher than in the non-exposed controls and mustard gas is suggested to be strongly correlated with CAE in this study.

Also in another study conducted by Karbasi-Afshar *et al.* \[[@cit0026]\] it has been shown that 92 (92%) patients in the SM exposed group and 82 (82%) in the unexposed group had abnormal findings in their coronary arteries and the incidence of coronary artery disease (CAD) and angiographic changes were significantly increased with exposure to SM. Further studies on cardiovascular effects of SM are needed.

Also Gholamrezanezhad *et al*. \[[@cit0027]\] in another study stated that the prevalence of non-homogeneity of uptake, and left and right ventricular enlargement in both visual and quantitative analyses were higher in the mustard-exposed patients than in unexposed controls. The prevalence of ischemia was higher in the exposed patients (*p* \< 0.05). The cavity to myocardium ratio, as an established and validated measure of the ejection fraction, was also significantly lower in the warfare patients than the controls. And finally the study concluded that the pattern of myocardial perfusion in these patients is significantly different from normal controls, which could resemble either coronary artery disease or mild cardiomyopathic changes.

There will be such studies in the future that indicate the prevalence of cardiovascular disease in pulmonary chemical patients exposed to SM. Therefore, paying attention to the cardiovascular complications in patients along with other complications is a key point in maintaining the health of these patients.

Possible coronary artery bypass grafting complications in pulmonary chemical patients exposed to sulfur mustard {#sec3}
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One of the most appropriate treatment options in patients with CAD is coronary artery bypass grafting (CABG) \[[@cit0028], [@cit0029]\]. The candidate patients for this surgery are examined in terms of various risk factors before the surgery and of course the prognosis of patients plays a key role in managing patients during and after the surgery \[[@cit0030], [@cit0031]\]. The patient's age, gender, comorbidities, the level of coronary artery stenosis, and ejection fraction are important items in the prognosis of the patient's condition \[[@cit0032]\]. In addition to important mortality and morbidities in this surgery, one of the major problems is the systemic changes following the use of the bypass pump \[[@cit0033]\]. This complication can be more severe in patients exposed to SM because the SM alone or the cellular and molecular mechanisms caused by it lead to changes in the patient's systemic range \[[@cit0034], [@cit0035]\] and now the use of the bypass pump in these patients adds to the severity of the systemic effects.

The use of cardiopulmonary bypass (CPB) in order to enable open heart surgery is among the most important clinical advances in medicine in the twenty first century and has led to more developments such as external respiratory support, mechanical circulatory support, ventricular assist devices and artificial hearts \[[@cit0036], [@cit0037]\]. The method is used in today's world by heart and thoracic surgeons. In addition to the significant benefits of this device, there are many complications associated with this system the most important of which are systemic inflammation and severe changes in the inflammatory system of the patient \[[@cit0038]\]. The CPB circuit has an interface with blood flow which is not at all similar to normal endothelium and this causes adverse reactions. Activation of the complement system is the primary mechanism that initiates and reinforces the acute inflammatory response. In the inactivated mode, the component system consists of nine components with the digits C1-C9. Also changes occur in various inflammatory factors including interleukins and acute phase protein reactions. All these changes lead to secondary systemic and even diseases in the blood, liver and kidneys \[[@cit0039], [@cit0040]\].

Sulfur mustard pulmonary patients suffer from severe inflammatory changes following the long-term SM complications and it is observed that the inflammatory markers such as interleukins, matrix metalloproteinases have had lasting changes in these patients \[[@cit0041], [@cit0042]\]. Now the exposure of these patients with a bypass pump and inflammatory complications could lead to a storm of inflammatory reactions and subsequent systemic and local severe complications. Therefore, special care of the patient before the surgery and the possibility of inflammatory local and even systemic pulmonary changes is a golden point in the management of these patients.

Management of candidate sulfur mustard pulmonary patients for coronary artery bypass grafting {#sec4}
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As mentioned before, the SM pulmonary patients are subject to morbidity and mortality caused by CABG surgery more than other people because along with other existing risk factors such as changes in pulmonary volumes and capacities, renal diseases or other disorders, they suffer from severe inflammatory changes and this complication in the patient with cardiac surgery with a bypass pump can be a dangerous threshold of systemic inflammation changes \[[@cit0043]--[@cit0045]\]. It is observed that different interleukins in these patients have had an increased or decreased serum level and also unlike most studies that have shown upward changes in these patients, the markers decreased in some patients despite a history of cancer \[[@cit0046]--[@cit0048]\]. It is also observed that the bypass pump can cause changes in creatinine and subsequent renal disease in patients \[[@cit0049]\], while disturbing the trend of inflammation markers in SM pulmonary patients, and adds to the development of this complication and this evidence indicates the lack of transparency of the SM mechanism in the human body and its immune system. Therefore, detailed knowledge of inflammatory diseases as well as the serum level and even localizing lung fluid of the inflammatory factors in these patients is needed before surgery so that by normalizing the inflammatory condition of the patient before cardiac surgery, it would be possible to reduce the possible morbidity and mortality.
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